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F o r m  Approved: 

OMB NO. 004-S75002 

ODORIZATION TECHNOLOGY SURVEY 

Prepared by 

Institute of Gas Technology 

Chicago, Illinois 60616 

The Institute of Gas Technology, Chicago, is currently conducting a 
study for the U . S .  Department of Transportation in which it is collecting, 
analyzing, and evaluating data on the current  state-of-the-art of natural gas 
odorization technology. As par t  of our effort to gather such data, we are 
submitting this questionnaire to numerous U. S, natural ga s  transmission and 
distribution companies. W e  would appreciate very  much receiving this com- 
pleted form so that the odorization practices and experiences of your company 
can  be included in t he  study. Since some of the topics may require more 
detail, we request your permission to contact you by phone if the need arises. 
Space is provided on the las t  page for  the name and phone number of the per-  
son you prefer that we contact for further information. 

We have tr ied to  make this questionnaire as brief as possible while still 
covering the desired material.  
planations, and/or comments you wish to submit on supplemental sheets, they 
would be greatly appreciated. 

If you have any additional information, ex- 

A self-addressed, stamped efivelope is included for re turn of the question- 
naire to  the Institute of Gas Technology. 

If you have any questions please contact J. Adrian Chisholm at IGT. His 
phone number is (312) 225-9600, extension 659. 

QUESTIONNAIRE 

If the gas  marketed by your company i s  totally for resale and is not odor- 
ized, please put a check mark  in the box below, sign your name on the last 
page, and return this questionnaire t o  IGT. 

Gas totally for resale;  not odorized 0 

If any portion of the g a s  in your system is considered as being odorized 
by naturally occurring odor o r  if you add odorant to  any of your gas,  please 
respond to the questions below that a re  applicable t o  your particular situation. 

I. TYPE OF GAS ODORIZED 

A,  Pipeline gas for resale, is it - 
1. Nonodorized? 

2 .  Odorized by odorant addition? 

3. Odorized by naturally occurring 
components? 

0 
0 

0 
4. Odorized by odorant addition 

and by naturally occurring components? 0 
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B. Pipeline gas for direct  sale, is it - 

1. Nonodorized? 

2 .  Odorized by odorant addition? 

3. Odorized by naturally occurring 
component 8 ? 

D 
0 

0 
4. Odorized by odorant addition 

and by naturally occurring components? 0 

C. Pipeline gas for storage, is it - 
1. Nonodorized? 0 
2,  Odorized by odorant addition? 0 

components ? D 

- 
3. Odorized by naturally occurring 

4. Odorized by odorant addition 
and by naturally occurring components? ' 0 

Estimated Quantity, l o 6  CF /y r  D. Gas supplied to end use r  

1. Quantity nonodorized 
2. Quantity of odorized gas  supplied 

a. With added odorant 

b. With natural odor 

11. ODORANT TYPE 

A. Gas with naturally occurring odor 

1. If your ga s  contains naturally occurring odor, is it - 

b. A nonsulfur-type such as hydrocarbon odor? 0 
a. A sulfur-type odor? 0 

c. A combination of a and b? 0 

2 .  What minimum percent of gas-in-air is normally 
detected a s  a just-recognizable gas odor? 

3. Do you supplement the naturally occurring odor 
with odorant addition either - 

% 

a. C ontinu ou s ly ? 0 
b. Intermittently? O 
c. Not necessary at any time? 0 
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4. If you do use  supplemental odorant, what is 
the chemical composition of the odorant used? 

Component Percent 

5 .  What addition rate is used? 

6. What f inal  odor level is achieved? (Supplemental and 
naturally occurring, as appropriate. 1 Equivalent t o  

lb/106 C F  

- 
lb/1$ CF  of or  % 

gas-in-air detection limit. 

B. Cas,with no natural odor, to  which odorant is added 

1. What odorant do you add to  youk gas? 

a. Chemical composition (if known): 

Component Percent 

b. Addition rate: lb/106 C F  
c .  

2 .  Do you receive any odorized gas  f rom a supplier? 

Wha t  minimum percent of gas- in-air  is normally 
detected as  a just-recognizable gas odor? % 

Y e s  

No 0 

3. If yes, what odorant is  contained in the g a s  supplied to 
your company? 
a. Chemical composition ( i f  known): 

Component Percent 
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b. What is the odorant content of the gas as-received? 
lb/106 C F  

c.  What minimum percent of gas in air is normally 

4. Do you supplement a supplier 's o d k z e d  gas with your own 

detected as a just-recogniz6ble g a s  odor? % 

odorant? Yes El 
No a 

5. If yes, what is the tota ladorant  content of the gas 
supplied to your customers? lb/106 C F  

6. What is your total odorant usage per year?  lb 

III. ODORIZATION EQUIPMENT 

A.  Equipment Types and Characterist ics 

W e  wish to establish the types of odoriza,tion equipment in use by your 
company and your experience with it. 
characterist ics of up to three  types of odorant-addition equipment. Please 
identify each type and then check the boxes to  indicate your experience with 
its operation. 

Space is provided below to list the 

Characterist ics of Odorant Addition Equipment Listed Above 

Ab i l i t y  to Maintain 
a Set  Addition Rate 
Over the Designed 

Outs tanding 

Satisfactory 

Type A Type B Type C 
cl 0 0 
0 0 0 

R a n g e  of G a s  Flow Needs Improvement 0 0 c1 
O 0 0 R;r t e s  Unreliable 



Ease of Maintenance 

Ease of Checking for 
Satisfactory Operation 

Out standing 

Satisfactory 

Needs Improvement 

Unreliable 

Outstanding 

Satisfactory 
Needs Improvement 

Unreliable 

Type A Type B Type C 
0 0 0 
0 0 0 

0 
0 

0 
0 

Type A Type B Type C 
0 0 0 
0 0 0 

0 0 
0 0 

0 
0 

Type A Type B Type C 
'0 0 0 

Sa ti sf act or  y 0 0 0 
Winter Temperature Needs Improvement 0 0 0 

Operation at Set Outs tanding 
Odor ant Addition 
Rates Over Summer - 

Unreliable Change s 0 0 0 

TypeA Type B Type C 
Freedom F r o m  Odor- Outs tanding 0 0 0 

Satisfactory 0 0 0 
tive Evaporation of Needs Improvement 0 0 0 

ant C ompo sit i on 
Changes Such a s  Selec- 

Unreliable Lighter Components O 0 0 

B. Supplemental Odorizers 

1. Do you use supplemental odorizers to increase odor levels 
in certain portions of your system? Y e s  0 N o  0 

2. If yes, a r e  some of them in year-round continuous 
operation? Yes 0 No 0 

3. Or, a r e  they used on a temporary basis  such as in certain 
seasons of the year or  to condition new pipe sections? 

4. If yes, please explain: Yes 0 No a 
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C .  How many odorizers does your company normally operate? 

1. Fixed - 
2.  Supplemental 

IV. ODOR TEST PROCEDURES 

A .  Does your company obtain an indication of the odorant concentration 
in ga s  by - 
1. Monitoring rate of leak calls per 1000 meters?  Y e s  b No 0 - 

If on some other statistical basis, specify. 

Calls per Week per 1000 Meters 
(If fo r  some other rate, specify) 

Winter Summer 

a .  What rate do you experience 
a s  an average? 

What rate would you consider 
to be unacceptably high? 

b. 

c.  What rate would you consider 
to be unacceptably low? 

What percentage of your leak calls is classified as 
"nuisance" calls (not caused by leaks requiring cor - 

d. 

rective action)? P 
2. Periodic tests with odorometer, t i t rators,  ga s  

chromatographs, etc. ? Yes 0 No 0 
B, Do you monitor odorization level with odorometers with which an 

operator makes a "snifft1 test to  determine the gas /a i r  ratio that 
produces a detectable gas  odor? Y e s  0 No 

C. If yes, what type of odorometer do you use? , (Please do not use  
brand names. ) 
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D. What reproducibility do you experience with odorometer 
measurements? 
use  "Excellent, I '  "Good, I '  o r  "Poor. I ! )  

(If quantitative numbers are not available, 

1, Repeat tests, same operator * % gas-in-air 

Excellent Good 0 Poor 0 

2 .  Repeat tests, different operator * % gas-in-air 

Excellent 0 Good 0 Poor 0 

E, Do you regularly use  instruments other than odorometers for odor 
level or  odorant concentration testing? Y e s  0 No 0 

F. If yes, what types are employed? (Please do not use brand n m n e s . )  
~ 

1. Titrator 0 

2. Gas Chromatograph 

a. Special Purpose 0 

b. General, with sulfur -selective detector O 

3. Other (describe) 0 

G. How frequently do companq personnel check odor levels in the 
system by "sniff" tests? Brief aqswers such as ttOdorometer 
measurements are made weekly at X points in  the system''  or  
"All service calls  include a check of the g a s  odor and a written 
notation of adequacy" a r e  sufficient. 

H, Do you continuously monitor odorant concentration at any points in 
your system? Yes 0 No 0 
1. What instruments( s) is used? 

2. How many points are monitored? 

3 .  What number of customers are in each 
monitored a rea?  

I. A r e  room tests or  chemical tests employed for odor 
testing 7 Y e s  0 N O U  
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J. If yes, please list types of tests performed. 

V. ODORANT BEHAVIOR IN SYSTEMS 

A.  Except for section8 of new piping, has odor fading 
been observed in your system? Y e s o  No 0 

- 
B. If yes, is i t  observed - 

1. Over the entire system? Y e s  0 No (J 

2. Only in specific. portions of the system? Y e s  0 No c] 

3, Is it consistent enough to  require permanent 
installations of supplemental odorizers? Y e s  0 No 0 

4. Does the fading OCCUT - 
a. With changes in gas flow ra tes?  Y e s  0 NO 0 

Y e s  0 No I23 b. With temperature changes? 

c. Sporadically for no apparent reason? Y e s  0 NO 0 
Have you observed odor character changes in your 
gas without apparent reason? Y e s  0 No 0 
Do you have a reas  in your system that regularly 
experience mixing of gases containing different 

C. 

D. 

odor ants ? Y e s  0 NO 0 
E. If yes, do you observe a sufficient change in odor 

character (not odor intensity) t o  affect leak call 
ra tes?  Y e s  0 No IJ 

changes in leak call  rate? 
F. If yes, in what direction and magnitude a r e  the 

e 
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G. How would you rate the odorants in your gas as to - 
Needs 

Impr ove ment Satisfactory Un s a ti sf act ory 
Effectiveness in warning 
of presence of gas 0 0 0 

Persistence 

Strength 

Resistance to  fading 

0 

0 

0 
Resistance t o  loss upon 
soil contact 0 

0 

0 

0 

0 

0 

0 

0 

H. Do you have corrosion o r  other problems in any par t  of 
your system that can be attributed to  the odorant in 
your gas? Yes 0 NO 0 

I. If yes, please explain. 

J .  Do you have pipeline liquids containing odorant col- 
lecting in  your system? Yes r) N o  0 

K. If yes, what 38  your disposal method? 



VI. GENERAL OBSERVATIOKS 

A .  What is your opinion of the adequacy of the following areas of the 
Gas Industry's odorization technology? 

Satisfactory but Fully 
U n s a ti 8 fact  or y N e  e d s Impr ov erne nt Sa ti 8 fa c to r y 

Effectiveness of odorants 0 0 0 
used 

Reliability of odorant- 
addition equipment 

0 

Odor -monitoring proce- 0 
dures 

D 0 

0 

Odor -monitoring equip-ment 0 0 0 
B. Do you have any uniformity of quality problems with 

the odorants you use? If yes, piease explain, Y e s  0 NOU 

C. Please list any research your company has done or has 
participated in regarding odorization technology. 

D. What areas of odorization technology do you feel are most 
in need of research? 

E. Do you have any comments on current  Federal  regulations 
concerning the  odorization of natural gas? 
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Signed Date 

Title 

Company 

If your company can be contacted for further information, pleaee supply the 
name and phone number of the representative to be contacted. 

Name 

Title 

Phone 

- 

When coqpleted, please return this questionnaire in the envelope provided 
to - 

J.  A. Chiaholm 

Institute of Gas Technology 

3424 South State Street 

Chicago, Illinois 6061 6 
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American Gas Association 
0 pe rati n g Section 

Distribution Conference 
May 1, 2, 3, 4, 1967 
St. Louis, Missouri 

SUMMARY OF GAS ODORANTS AND THEIR PROPERTIES 

BY 

J .  P. C E N C E R  

M I C H I G A N  C O N S O L I D A T E D  G A S  C O M P A N Y  

D E T R O I T ,  M I C H I G A N  

MAY 3, 1967 
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American Gas Association, Inc. 
Operating Section 

Di  s tr i  bu t ion Con ference 
May. 1, 2, 3, 4, 1967 
St. Louis, Missouri 

A REPORT ON 

SUMMARY O F  GAS ODORANTS AND THEIR PROPERTIES 

J. P. CENCER 

ODORIZATION TASK GROUP 

MICHIGAN CONSOLIDATED GAS COMPANY 

/ DETROIT, MICHIGAN 

PREFACE 

This summary of gas odorants was prepared under the auspices of the Odorization Task 

Group, Chemical Services Committee, Operating Section, American Gas Association. 

The data were compiled from information submitted to u s  by the odorant suppliers. Their 

cooperation on this proiect has made possible this l i s t ing  and properties of gas odorants. We 

wish to thank them for their contribution to the gas industry. 

The odorants l is ted are the more common formulations offered to the industry. Other 

blends are available from most suppliers. I f  you have conditions which require a special odorant, 

you wi l l  f ind the odorant suppliers most helpful. 

No attempt has k e n  made the author to check or verify the data as submitted. Odorant 

suppliers were contactod to obtain their data and a draft o f  this paper was submitted for review. 

If there are any questions regarding odorant properties, or i f  there i s  a desire for additional infor- 

mation, please contact the odorant supplier. Their names and addresses are included in 

his report. 
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TABLE I 

ODORAMT SUPPLIERS, TRADE NAMES AND PRINCIPAL 
ODORANT BASE, INDEX 

fable Column 

Alert 101 
Alort 80 
Ethyl Morcaptm 
L P G  Odoror, 
Caledormt F 
Calodorant 6-1 
Calodormt C 
Calodormt C Special 
Calwt  14 
Calert 30 

Formula 55 
Formula 55 Special 

BP Capton 
RP Captm 
TE Captm 
Coptm 
Captan "99" 
DL Captan 
CS Captm 
CL Coptan 
cs-BP Captan #11 
E l  Coptm 

Spotlook 1003 
Spotlodc lo09 
Spotleok 1001 
Fuol Gas Odormt 1010 
Pennodorant 1013 
Pennodormt I063 
Pennodormt 1005 
Pennodorant 1030 

T&rhydroth iophmo 

Scentinel A 
Scmtinol C 
Ccen#inal D 
SE" 7.1 E 
S c e r . ~ ~  ,i F 

CHEVRON CHEMICAL CO., ORONITE D1VISION 
Executive Officos: 

Tertiary Butyl Mercaptan 
Mixed Mercaptans 
Ehyl  Mercaptm 
Mwcop tmr  
Aliphatic Sulfide 
M l x d  Al iphatk  Sulfldos 
Cycl ic Sulfide 
Cyclic Sulfide m d  Petro lwm Factors 
Tertiary Butyl Mercaptm and Cyclic Sulfide ( B I m d  of 2/3 Catodorant C and 1/3 Alert 101) 
T w t i o y  Butyl Mercaptm and Aliphatic Sulfide (61end of 1/2 Calodormt F and 1/2 Alert 101) 

200 Bush Street, Son F rmc i  sm, California 94120 

- MARSHALL HYDE INCORPORATED 
1344 G r i s w l d  Stroot, Port Huron, Miehigm 

Tertiory Butyl Mercaptan 
Tertiary Butyl Mercaptan 

NATURAL GAS ODORIZING, DIV. OF HELMERICH a PAYNE, INC. 
Plant and General Officer: 3601 Deckor Drive, Baytom, Toxm 7 7 S l O  

Ter t ioy  Butyl Mercaptan 
Ter t iay  Butyl Mercoptm 
Tertiary Butyl and Mixed Morcaptms 
Mercoptm s 
M o r c o p ~ n s  
Dilute Mercaptans 
Cyclic Sulfide 
Dilute Aliphatic Sulfide 
Tortimy Butyl Mercaptan ard  Cycl ic Sulfide 
DMS and Tertiary Butyl Morcaptan 

PENNSALT CHEMICALS CORPORATION, INDUSTRIAL CHEMICALS DIVISION 
Throe Penn Center, Philadolphio 2, Pennsylvania 

Tertiary Butyl Mercaptm 
Tertiory Butyl Mercaptan 
Tertiary Butyl Mercoptm m d  Alkyl Sulfido 
Ethyl Mercaptm 
Cyclic Sulfide 
Cyclic Sulfido and Petroleum Fractions 
Cyclic Sulfide and Tortiory Butyl Morcaptan 
Aliphatic Sulfide and Mercoptm 

ROBINSON BROTHERS LTD., CHEMICAL MANUFACTURERS 
Rydors Grnn,  Wost Bmmwich, England 

Cyclic Sulfide 

PHILLIPS PETROLEUM COMPANY, SPECIAL PRODUCTS DIVISION 
Chemical Deparmont, Eartlesvil lo, Oklahoma 74004 

Ethyl Mercoptm, 99t 9% (LPG Odormt) 
Tertiary Butyl Mercaptm 
Tortiory Butyl Mercoptpr, (99t% Macaptan) 
Tertiary Butyl Mercapton (99t% Mercaptan) 
Tertiary Butyl Mercaptm and Aliphatic Sulfidos 

2 
3 
3 
3 
5 
5 
4 
4 
6 
6 

1 
3 
1 
2 
1 
2 
1 
2 
1 
4 

2 2 
2 3 

2 4 
2 5 
2 6 
3 4 
3 5 
3 6 
4 3 
5 3 
6 2 
6 5 

2 8 
2 9 
1 10 
3 7 
4 4 
4 5 
6 3 
5 4 

4 6 

3 8 
2 10 
2 1 1  
2 12 
2 13 
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TABLE II 

LISTING AND PROPERTIES OF ODORANTS 

WITH TERTIARY BUTYL MERCAPTAN AS THE PRINCIPLE BASE 

1 2 3 4 5 6 7 

1. Trade Nane 

2. Supplior 
Alert 101 

Cal. Chem. Co. 
Oronito Div. 

Formula 55 Formula 55 Special BP Captm RP Captan 

Marshall Hyde Inc. Mashall  Hyde Inc. Natural Gar Natural Cos 
Odorizing, Inc. Odorizing. Inc. 

TB Coptm 

Natural Gas 
Odorizing, Inc. 

Spotl.& 1001 
Ponnrolt 
a.m. 6. 
lnd. am. Oiv. 

0.8 1 
(60"/60*F) 

83 

6.8 
0.6 1 
8.7 

IBP 112°F 

3. Spocific Gravity 0.8 IO 

86 

(6O*/6O0F) 

6.8 
0.65 
6.8 

IBP 132°F 
5% 137.F 

50% 145°F 
95% 157°F 

0.78 1 
(60.F) 

90 
6.5 

0.8 10 

90 
6.7 5 

0.808 0.8 I? 0.810 

4. Molmwlor Wmight, Avoroge 

5. Woight p r  Gollon, Lb. @ 60°F 
6. Viscosity, Cmtistokos, 77'F 
7. Reid Vapor Preswro, psi0 @ looo F 
8. Distillation 

86 

6.73 
, 0.502 

5.0 
I6P 136°F 

5% 139°F 
50% 142°F 
95% 1U'F 
EP 1bO'F 

8t 
L.80 

0.467 
8.1 

IBP 118°F 
5% laB°F 

50% 138°F 
95% 160°F 
EP 165OF 

84 
6.75 
0.84 
4.2 

IBP 13CF 
5% I P ' F  

50% 1 4 ° F  
95% 1W"F 
EP 156°F 

500 Ibs. per MMCF 
(0°F. 1,OOO psi) 

-20°F 

20°F 

36% 

&low 40°F  

99 tz (VOl.1 

Trace 

I6P 134OF 
5% 140°F 

50% l41'F 
95% 148°F 
EP 158°F 

IBP 145°F 
5% 150OF 

50% 156'F 
95% WOOF 
EP 194'F FBP 156'F 

423 Ibr./MMCF 
( 4 * F ,  720 prig) 

LOSS chon -20°F 

&low -70°F 
&lowO°F 

80% 
38% 

Negligible 

350 Ibs. por MMCF 
(OOF, 1,OOO psi) 

70 lbs. por MMCF 
(OOF, .l,OOO psi) 

-2o'F Max. - P ° F  Max. 

6olow -60°F &low -60°F 

w t% (vol .) 

Trace Traco 

200F 9 ° F  
80% (vol.) 

37% 37% 

9. Volat i l iv  80 Ibs. per MMCF 
(O"F, 1,OOO psi) 

- P o F  

Bolow -60" 

97% (vol.) 
37% 

0.3 wt. per cent 
e 68'F 

10°F 

U 
I 
4 10. Cloud Point 

11. Frooring Point 
12. Flash Paint ( o w  cup) 
13. Morcaptan bntont ,  Por Cent 

14. Sulfur Contont, Wei$t Per Cmt  
15. b lubi l i fy  in Wator 

-P 'F  or lowor - 20°F or l o w r  

85% min. (wt.) 
29% 

nil 

80% min. (wt.) 

35% 
n i l  

16. Rocornmondd Odoriring 
Rotos: Natural Cos 0.25 - 1.0 Ibs. 

p u  MMCF 
1.0 lbJ10 M. gal. 

0.25 - 0.50 Ibs. 
p r  MMCF 

0.25 - 0.50 Ibs. 
por MMCF 

0.25 - 1.0 Ibs. 
p r  MMCF por MMCF 

0.25 - 1.0 Ibs. 0.25 - 1.0 Ibs. 
per MMCF 

0.25 - 0.75 IbG 
p r  MMCF 

L-P Gar 

17. Sulfur Contribution, Groindl00  cu. ft. 0.Z grains 0 
1.0 IbdMMCF 

80% TBM 

0.1 grains @ 
0.5 Ibs./MMCF 

85% TBM 

0.1 @ 0.5 Ibs./MMCF 0.26 e 1.0 Ibr. 0.26grains 0 
1.0 lb./MMCF 

0.25 graihs @ 
1.0 Ib./MMCF 

55% TBM 
45% other RSH 

18.45 

-07 1 

0.07 - 0.20 grains @ 
0.25 - .75 Ib./MMCF 

80% TBM 
20% AS 

24.2 

. O S  

18. Typical Composition 80% TBM 
20% ohor R W  

77% TBM'  80% TBM 
23 % ohor RSH 20% WS 

19.60 28.0 

.w 1 .w9  

31.2 

.06 1 

19. Titralog Factor 

20. Barton Titron Factor "C", Rmgo 1 ma 

27.4 
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TABLE II (Continued) 

LISTING AND PROPERTIES OF ODORANTS 

WITH TERTIARY BUTYL MERCAPTAN AS THE PRINCIPLE BASE 

8 9 1.0 11 12 13 

1. TrodeNomc 

2 Supplier 

3. Specific Grovity 

Spotleak 1003 
Pmnsalt Chem. 
6. Ind. G e m .  Div. 

0.81 
(6O0/6O"F) 

86 

6.74 

0.65 
7.3 

IBP 131'F 

Spatleak 1009 

Pannsalt am. 
6. Ind. Chm. Div. 

0.8 1 
(60"/60 OF) 

a6 

6.76 
0.64 

6.6 

IBP 131°F 

Scantinel C 
Phillips Petra. Co. 
Spocial Products Div. 

0.78 

Scantinel D 
Phillips Petm. b. 
Special Products Div. 

0.8 1 

Scantinel E Scantinel F 

Phil l ips Petm. 6. 
Special Products Div. 

Phillips Petro. 6. 
Spacial Products Div. 

0.8 1 0.82 

4. Molecular Weiht, Average 

5. Weight per gallon, Ibs. P 60°F 
6. Viscosity, Centistoke, 77°F 

7. Reid Vapor Pressure, psi0 B 100°F 
8. Distillation 

09 

6.5 
0.65 

6.9 ' 
IBP 137 
5% 141 

50% 145 
'95% 151 

90 

6.74 

0.68 

6.8 

IBP 145 
5% 156 

50% 177 
95% 187 

87 84 

6.74 

0.66 
7.0 

IBP 138 
5% 1 u  

50% 151 
95% 154 

6.81 

0.59 
8.4 

IBP 125 
5% 130 

50% 141 
95% 160 

FBP 158°F 

444 I bs. p e r  W C F  
(&OF, 720 psig) 

Loss thon - 20'F 

Below - K)" F 

0°F 

97% (vol.) 

35.8% 

Negligiblo 

FBP 167'F 

378 Ibs. per MMCF 
( W F ,  720 psig) 

Less than -20°F 

&low -50O'F 

&low O'F 

97% min. (vol.) 

35% min. 

Negligiblo 

0.25 to 0.75 Ibs. 
p u  MMCF 

9. Volatility 

10. Cloud Point 

11. Freezing Point 

12. Flash Paint (open CUI F 

13. Mercoptm Content. Per Cant 
14. Sulfur Content, Weight Por Gnt 

IS. Solubility in Water (% by vale) 

16. Recomnendod Odari zing 
Rates: Natural Gas 

L-P Cos 

17. Sulfur Contribution, Grains/100cu. ft. 

78 Ibs. per MMCF 
(0°F. LOO0 psi) 

-30 

-30 

0 

85 

31.4 

0.5 

88 Ibs. p e r  MMCF 
(O"F, 1,OOO psi) 

-35'F 

-50°F 

0°F 

99 t 

37 

0.5 

93 Ibs. pmr MMCF 
( O T ,  HK) Ib r )  

- 25°F 

&law -40°F 

h l o w  0 rF 

75% TBM 
38 

0.4 

0.3 to 1.0 Ibr/MMCF 

- 75°F 

- 40°F 

&low O°F 

W +  
37 

0.5 

0.3 to 1.0 Ibs. 
par MMCF 

0.25 to 0.75 Ibs. 
por MMCF 

0.3 to 1.0 Ibs. 
por MMCF 

0.3 to 1.0 Ibs. 
por MMCF 

0.07 to 0.25 0.07 to 0.25 0.06 to 0.19 grains @ 
0.25 to 0.75 Ibs./MMCF 

76.5% TBM 80% TBM 85% TBM 
23.5% other RSH 20% other RSH 15% Nip. Hydrocarbon 

24.2 23.8 UI. 2 

0.06 to 0.18 grains 0 
0.25 l~ 0.75 Ibs./MMCF 

0.07 to 0.22 

.058 .058 

18. Typical bmposit ion 

19. Titrolag Factor 

20. Barton Titron Factor "C", Range 1 m a  

80% TBM 
20% other RSH 

16.7 
.06 1 

80% TBM 
20% othr RSH 

24.6 
. O S  

75% TBM 
25% Aliphatic Sulfldo 

21.7 



T A B L E  III 1 
L ISTING AND PROPERTIES OF ODORANTS WITH 

MERCAPTAN BASES OTHER THAN TERTIARY B U T Y L  MERCAPTAN 
I - 

1 2 3 4 5 6 7 8 

1. TrdeNanm Ethyl Mercaptan LPG Odorant Alert 80 Captan Fuel Gas Scentinel "A" 
Odorant 1010 

DL Captan Captan "99" 

2. Supplier 

3. Specific Gravity 

Natural Gos Pannsolt G e m .  Co. Phill ips Petro. b. 
Ind. Gem. Division 

Natural Gas Chevron Chem. Co. Chevron Chem. Co. Chevron Cham. 6. Natural Gas 
Dronite Division Oranite Division Oronite Division Odoriring, Inc. Odoriring, Inc. Ddoriting, Inc. Special Products Div. 

0.844 0.8 I6 0.823 0.825 
(60"/60"F) (6@/6@F) (60"/60" F) 

0.820 0.695 0.84 0.84 

4. Molecular Wai&t, Avorage 62 
5. Weight p r  Gallon, 

Pounds @ 60 F 7.0 

76 

6.8 

77 

6.9 

82 

6.88 

82 

6.83 

62 62.1 

7.0 7.02 5.84 

6. Viscosity, Cantistakes 77-F 0.26 
7. Reid Vopar Pressure, 

psi0 @ 100 F ' 16.0 

0.40 0.44 0.410 0.401 0.393 0.28 

16.5 

0.28 

8.8 

IBP l U ° F  

9.1 

IBP 103OF 
5% 120°F 

50% 144OF 
95% 192°F 

8.2 

B P  I P ' F  
5% 125°F 
50% 130'F 
95% 1 4 8 O F  
EP 170OF 

210 Ibs/MMcf 
( O'F, 1,000 psi) 

-20°F 
Below -100OF 
Below P°F 

6.8 

IBP 128'F 
5% 130°F 

50% 139°F 
95% 138°F 
EP 149°F 

100 Ibs/MMcf 
(WF, 1.000 psi) 

-POF 
Belo w -1 00 F 

P°F 

8.0 

IBP 142OF 
5% 145°F 
50% l W F  
95% 159°F 
EP l62'F 

28 Gals/MMcf 
(OOF, 1,000 psi)  

- 10°F 
Below -100°F 

0°F 

16.2 

IBP 95.0"F 
5% 95.4OF 

50% 95.4"F 
95% 96.0"F 

8. Distillation IBP 940F 
5% 95OF 

So% 96OF 
95% 97OF 

5% 124'F 
50% l 2 7 O F  
95% 130°F 

1% 94OF 

95% 98°F 
U 
9 

9. Volatility 250 Ibs/MMCF 
(OOF, 1.000 psi) 

145 Ibs/MMCF 
(0°F. 1.000 psi) 

-20°F 

Below -1SO'F 
&low QF 

90 IbdMMcf 
( 0°F. 1.000 psi) 

-20°F 
Below -100°F 
Below O°F 

700 Ibs./MMcf 
(4OoF.,720 psig) 

230 I bs./MMcf 
(0°F. 1,000 psi) 

-20°F 

Be low -200" F 

-SY F 

10. Claud Point -20°F 
11. Fraoxing Point Below -150OF 
12. Flaah Point(0p.n Cup) 

13. Mercqtan Cantant, 

14. Sulfur Contont, 

Below 0" F 

Valuno P r C e n t  99+* 

Weight Per Gnt 52% 

Below -50°F 
Below 0°F 

9 9 t x  95% 90% 99+% 10% 98% 99+% 

42% 42% 51% 

1% e 77' F 
( b Val.) 

36% 

Trace 

36% 

Tmce 

4.1 % 

Trace 

52% 

Negligible 15. Solubility in Water 0.70 wi. per cent 
'368'F 

0.X wt. per cant 
? 68'F 

0.38 w(. per cent 
e 68°F 

16. Recommondmd Odorixing 
Rates: Norural Gos 

' L-P Gas 1.0 lbd10.000 Gal. 
0.25-1.0 IbdMMcf 
1.0 lbs/10,000 Gal. 

0.25-1.0 Ibs/MMcf 0.25-1.0 Ibs/MMcf 0.25-1.0 IbdMMcf 
1.0 Ibs/10.000 Gal. 1.0 Ibs/lO,000 Gal. 1.0 I bd10,OW Gal. 

Minimum 

.98 grains 9 Min. 
Rate 

9PfX Ethyl Mercaptan 

17. Sulfur Cantribtion, .36 grains 5 
1.0 Ib. per MMcf 

Mucapton 

Graindl00 CU. ft. 

18. Typical Composition 994% Ethyl 

19. Titralog Foetor 

20. Barton Tittun Factor, 
Rang. 1 ma 

0.30 grains @ 
1.0 Ib. per MMCF 

99+% Mercaptans 

0.29 grains 
1.0 Ib. per MMcf 

95% Mercaptans 

0.25 grains @ 
1.0 Ib  per MMcf 

90% Mercaptans 
10% DMS 

15.4 

0.25 grains @ 
1.0 Ib. per MMcf 

99% Mercaptans 

0.173 groins @ 
1.0 Gal. per MMcf 

10% Mercaptans 
90% Hydrocarbons 

Ethyl Mercaptan 

17.6 16.20 7.4 

.OX .030 



U 
c 
0 

- 
T A B L E  I V  

LISTING AND PROPERTIES OF ODORANTS WITH 
CYCLIC SULFIDES AS THE PRINCIPAL BASES 

1 2 3 4 5 4 

Calodorrnt C 

Chevron C)lem. to. 
Oronite Division 

1.00 (60"/60"F) 

Calodormt C Spec. 

Chovron (3ham. 6. 
Oronito Div. 

0.078 (60"/609 F) 

CS Coptan 

Natural Gas 
Odorizing. Inc. 

0.999 

1. Trade Name 

2. Supplier 

Pennodorant IO 13 

Ponnsolt Gem. b. 
Ind. Chm. Div. 

1.00'(6(P/6(PF) 

Pennodorant 1063 

Ponnsolt Chom. b. 
Ind. Chem. Div. 

0.868- -880 
( 15.5"/15.5°0 

93 

7.2 
0.84 

1.0 

IEP 2S°F 

Tokohydrolhiophnro 

Chom. Robinson Mmufocturing Bms., Ltd. 

1.00 (609/60' F) 

88 
8.3 
0.94 

1.0 

3. Specific Gravity 

4. Malowlor Weight, Avg. 
5. Woight/Gql. Ibs. @60" F 
6. Viscosity, Cmtistokos 77 F 

7. Raid Vapor Prossure, psi0 5 100°F 

8. Distillation 

aa 
8.3 
0.94 
1.01 

lap 1 7 0 " ~  
5% 210'F 

50% 24PF 
95% 248°F 

95 
7.3 

0.82 
0.98 

IBP 216°F 
5% 2WF 

50% 244'F 
95% 26O'F 

88 
8.32 
0.775 
0.8 ' 

IBP 24!i°F 
5% 250°F 

50% 2ST F 
95% 25Tf 

EP 255°F 

64 Ibs/MMcf 
(O'F, 1,000 psi) 

-2ooF 
&low -100°F 
Loss chm 2o°F 

0% 
36% 

Trace 

00 

8.33 
0.94 

1 .O 

18P 2 W F  
5% U l O F  

95% 2SbF 95% 253% 
FBP 256% 

38 IbdMMcf 
(O'F, 720 psig) 

- W F  (Max) 

Bolow -50°F 

55°F 

0.1% (Max.) 
37% 

Nogl igi M o  - 

95% 10°F  

9. Volotility 12 Ibs/MMcf 
(0°F. 1,OOO psi) 

-20°F 
WOW - 1 W F  

6 P F  

12 Ibs/MMcf 
(0°F. 1.000 psi) 

. W F  

W F  
B ~ O W  - l W F  

[J) Ibs/MMd 
(WF.  720 prig) 

Lass lhon -2(pF 
8.10~ -50°F 

b9DF 
0.1% (Moa.) 

P.3 ( M o r )  

Nogli gi bla 

IO. Cloud Point 
11. Freoting Point 
1 2  Flash Point (Opn  Cup) 

13. Morcaptm Sulfur Content, w?. -% 

14, Sulfur Content, Weight % 

IS. Solubility in W ~ t n  

- 14 1. TF 
6CF 

36.4% 
Nwl ig ib lo  

0.07 wt. p a  emt 

37% 

0.07 wt. per cent 
P 68°F 

10.6% 

0.06 wt. por csnt 
e 68°F 

16. Rocomnmdod Odoriring 
Rotos: Natural Gas 

L-P Gar 

17. Sulfur bntribution, 
Groindl00 cu. ft. 

18. Typical bmposi t ion 

0.5-1.0 IbdMMCF 0.25 1.0 IbdMMcf 
1.0 Ib., 10,000 Gal. 

0 . X  grains @' 
1.0 Ib/MMCF 

Cyclic Sulfide 

0.S1.5 IbdMMcf 0.51.0 Ibs/MMcf 0.25-1.0 lbs/MMcf 0.51.5 I b d W f  

0.14 groins d 
1.0 Ib/MMcf 

Cyclic Srlfido and 
Pot. Froctim 

37.05 

0.245 grains @ 
1.0 IbMMcf 

100% 

20.80 

To t rd  ydrothiophmo 

.082 

0.079.P groins @ 

Cyclic Sulfid. 

0.25-1.0 Ib/Mhkf 
0.074.21 0.S1.5 IWMlccf gl&8 @ 

55% Cyclic Svlfic. 
45% Potrolwm Fraction 

38.0 

0.134.X groins @ 
0.5-1.0 Ibr/MMcf 

97% 
Totrdydrohioph.no 

21.5 19. Titralog Factor 

20. Barton Titron Factor,Ranga 1 ma 

23.3 

.on .062 ,062 



TABLE V 

LISTING AND PROPERTIES OF ODORANTS WITH 

ALIPHATIC SULFIDES AS THE PRINCIPAL BASES 
t- 

1 2 3 4 

1. Trade Name 

2 Supplier 

Calodormt F 
Chevron Gem.  6. 
Oronit. Div.  

Calodorant E1 
Chevron Gem.  6. 
Oronite Div. 

CL coptan 

Natural Gas 
Odorixing, Inc. 

Pennodormt 1030 
Pennsalt Gem. Co. 
Ind. Gem. Div. 

.85 

4. Molecular Weight, Average 64 98 &4 64 

r . .  3. Specific Gravity 0.849 (6V/60°F) 0.839 (600/6OoF) 

5. Wmight per Gallon, pounds 0 6 0 9  

6. Viscosity, Centistokes, 7 P F  
7. Reid Vapor Pressure, ps i0  @ 100°F 

8. Distillation 

9. Volatility 

7.1 

0.34 
15.0 

IEP 98qF 
5% 1W'F 

50% 1OPF 
95% 12@F 

215 I bs/MMcf 
(WF, 1, OW psi) 

7.0 
0.51 ' 
2 10 

IEP 156°F 

50% 2S'F 
95% 2 V F  

5% i 9 r ~  

18 Ibs/MMcf 
(0°F. 1,OOO psi) 

IO. Cloud Point - W F  - W F  

IT. Freezing Point Eelow -100°F 6.10~ - 100°F 

12 Flash Point (Open Cup) EOIOW -WF WF 

14. Sulfur Content, Weight Per Cent 50% 32% 
13. Mercoptm &tent, Volume Per Cent 

15. Solubility in Water 0.3 wt per cent @ 68'F O. lwtpercent@68"F 

16. Recommendad Odori Xing,  

Rates : Natural Gos 
L-P Gas 

17. Sulfur Contribution, 
Grains per 100 cu. ft. 

18. Typical Composition 

0.25-1.0 Iba/MMcf 
1.0 lb/10,000 gals. 

0.35 grains e 
1.0 Ib/MMcf 

Aliphatic Sulfide 

0.25-1.0 IbdMMcf 
1.0 'I b/lO,OW gals. 

0.22 grains @ 
1.0 Ib/MUcf 

5.76 
0.478 

11.5 

IEP 128°F 
5% 135°F 

50% l W F  
95% 160°F 
EP 170°F 

24 go1 sNMcf  
(0°F. 1,000 psi) 

-1OOF 

EOIOW -100°F 
0°F 

Trace 

4.1% 
Trace 

7.1 
. w  

14 

IEP 97°F (Min.) 

FBP 156°F (Mor.) 

1100 Ibs/MMcf 
(40°F. 720 prig) 

-1D"F Max. 

6.10~ -50°F 
Below 0°F 

49.5% 
Negligi ble 

0.25- 1.0 Gal s/MMcf 0.25-1.0 Ibs/MMcf 

0.173 groins @ 
1.0 gol/MMcf 

0.35 grains @ 
1 Ib/MMcf 

Mixed Aliphatic Sulfides 10% WAS 90% Aliphatic Sulfide 
90% Hydrocarbons 10% Mercoptm 

19. Titrolog Factor 16.0 23.5 

20. Barton Titron Factor, Rmge 1 ma .067 .090 



TABLE VI 

LISTING AND PROPERTIES OF ODORANTS WITH MIXED ODORANT BASES 

1 2 3 4 5 

1. Trade Name 

2. Supplier 

Calert 14 CSBP Captan # I 1  
Chevron Gem. Co. Natural Gas 
Oronite Div. Odoriring, Inc. 

Pennodormt lo05 
Pennsalt G e m .  b. 
Ind. G e m .  Div. 

0.93 
(115"/15.50c) 

88.8 

7.7 

0.94 

4.5 

IBP I4WF 

Calor, 30 El Capton 
Chevron Gem. 6. Natural Gas 
Oronih Div. 

0.830 0.81 
(60"/64 F) (609/6oDF) 

Odorizing Co. 

77 
6.90 

. a 7  

8.1 
IBP 1lODF 
5% I W F  

50% 122DF 
05% l W F  
EP 15PF 

70 I bs. por MMef 
(0°F. Moo psi) 

-p.F 

&low -6ODF 

W F  

50% 

41.5% 

3. S p c i f i c  Gravity 0.937 
(60/60" F) 

0.905 

4. Molecular Weight, Avnage 

5. Weight/Gol., Ibs @ 60°F 

6. Viscosity, Cntistakes 77'F 

7. Reid Vapor Pressure psia @ 100°F 

8. Distillation . 

87 

7.54 

0.654 \ 

3.0 
IBP 150°F 
5% M29F 

95% 2!WF 
EP X0"F 

5% 184OF 
95% 249°F 

5% 11FF 
95% l 6 9 F  

95% 256°F 

9. Volatility 57 Ib./MMCF 
(400~.  720 psig) 

-20°F 

Below -50°F 

2FF  

39% 

3S8% 

-25°F - 2 F F  IO. Cloud Paint 

11. Fnexing Point 

1 2  Flash Point ( O w  Cup) 

13. Morcaptan bntont, Vol. -7% 

14. Sulfur Ca tmt ,  Weight -% 

15. Solubility in Water 

M. Rocormatdod Odorizing 
Rates: Natural Gas 

17. Sulfur Contribution, 

L-P Gar 

Groins/100 CU. ft. 

18. Typical Composition 

-10°F 

Bolow -90°F 

3 9 F  

33% 55% 50% 

37% 

Trace - Negligibio Nodl igible 

0.50-1.0 Ibsl)r(Mcf 0.25-0.75 I b s M c f  4251.0 lbs/MMcf 

0.25gloins 6' 0.06-0.19 grains @ 
1.0 IbNMcf 0.25 - 0.75 Ib/MMcf 

.W5 grdns @ 
1.0 Ik WMSf 

52% WS 
40% TBM 

67% CS 
%% TBM 
7% RSH 

45% AS 
40% TEM 
15% R4) 

55% THT 
35% TBM 
10% RSH 

67% CS 
33% TBM 

19. Titralog Factor 

20. Barton Titmn Factor, Rmge 1 ma 

NOTE: CS-Cylic Sulfido, THT-Tetrohydrothiophene, TBM-Tertiary Butyl Mercaptan, RSH-Mixod Morcaptms, AS-Uiphotic Sulfide.. 



APPENDIX C 

Commercial Gas Odorants and Relative Odor Contribution 
(Source: Heath Consultants Inc. ) 
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COMMERCIAL GAS ODORANTS 
& RELAilVE ODOR CONTRIBUTION CONSULTANTS INCORPORATED 

100 TOSCA DRIVE STOUGHTON. MASSACHUSETTS. 02072 
TELEPHONE ,617) 344 1400 

TOTAL 
EOUIVALENT 

ODORANT 

NORMAL METHYL SECONDARY Di ETHYL ETHYL TERTIARY 
PROPYL ETHYL BUTYL 

MERCAPTAN SULFIDE MERCAPTAN MERCAPTAN SULPHIDE 
BALANCE ISOPROPYL BUTYL SULFIDE THIOPHANE 

ETHYL Di  METHYL IS0 PROPYL 
MERCAPTAN SULFIDE MERCAPTAN ODORANT 

PPMo PPY @ PPY@ PPY Q 
AClUAL RLL41IM ACTUAL RELATIVE % ACTUALREIATNE % 

SHIN 5.66 6.11 
5.79 6.24 

DPM *ELL' /E -5 - 5 V 

6 .  II 
6.24 
6.18 
6.21 

5.66 
5.65 
5.65 
5 . m  
5.61 
4.91 
4.91 
4.91 
4.12 
4.12 
4.12 
4.29 
4.29 
4.41 
4.01 
4.70+ 
3.20 
355 

VGO ETHYL MERCAPTAN 
PW SPOTLEAK IC'O 
pp SCENTlVEL A 
NGO LP CAPTAN 

I00 
99 
90  

15 

5.72 6.18 
5.20 5.62 IO .58 .59 

90 5.20 5.25 IO .47 .41 
90 5.20 5.25 
90 5.20 5.25 
90 5.20 5.25 

965 5.0 5.05 13.5 .64 .56 
50 2.89 2.92 
5 0  2.89 2.92 
50 2.89 2.92 

80 3.77 3.32 IO 
80 3.77 3.32 IO 
80 3.77 3.32 IO 

IO 58 .59 70 330 2.90 IO 
IO .58 59 70 3.30 2.90 I O  
IO .58 59 70 330 2.90 7 

70 330 2.90 IO 
.87 .94 52 2.45 2.16 21 

PP 
%GO 
PP 
PW 
PW 
NGO 
PP 
PW 
NGO 
PP 
PW 
NGO 
PP 
PW 
NGO 

NGO 
NGO 

PW 
PP 
PW 
NGO 
NGO 
NGO 
PW 
PP 
PP 
PP 
NGO 
PW 
PW 
PP 
PP 
PW 
PP 
PP 
PP 
PW 
NGO 
P P  
PP 
NGO 
PP 

ap 

SCENTINEL C-90 
SM CAF-ih 
SCEY' YE, E -  3: 
PENNC#Ci?AN' ,030 
PENNC32QAY' '326 
EL CAF1A.Y 
SCENTINEL E - 5 0  
SPCTLEZK 141- 
,APTAN 99 
SCENTINEL P 
SPOTLEAK 1440 
CAPTAN 
SCENTINEL C-IO 
SPOTLEAK 1450 
CAPTAN (V) 
SCENTINEL 0 
SM CAPTAN ( V )  
ELCAPTAN (V I  

SDOTLEAK 1001 
SCENTINEL C 
SPOTLEAK 1096 
RP CAPTAN 
RP CAPTAN ( v )  
CP CAPTAN 
SPOTLEAK 1009 
SCENTINEL D 
SCENTINEL F-20  
SCENTINEL N 
BP CAPTAN (V I  
SPOTLEAK 1420 
SPOTLEAK 1425 
SCENTINEL E 
SCENTINEL H-25 
SPOTLEAK 1085 
SCENTINEL F -25 
SCENTINEL F -35 
SCENTINEL 1 
WTLEAK 1424 
T 8  CAPTAN (V) 
SCENTINEL H-70 
SCENTINEL H-85 
DL CAPTAN 
SCENTINEL G 

IO .40 .40 
IO .40 .40 
I O  .40 .40 

50 
50 
50 

.40 IO 

.40 IO 

.40 IO 

.40 IO 

.40 I O  

.28 IO 

.40 IO .4? .31 IO 

.84 I 
90  4.24 2.00 IO 
5 0  2.36 1.56 50 

1.99 1.99 
1.99 1.99 
1.99 1.99 
.40 .40 
.40 -40 
.40 .40 
.40 .40 
.40 .40 
.40 .40 3 
.40 .40 
.04 .04 9 
.40 .40 
1.99 I .99 

.47 

.47 

.47 

.47 
147 
.33 
.47 
.99 

.28 

.I2 .24 

.36 .72 I I  

20 1.16 1.17 
I .05 .04 

20-25 I 144 ' I 45  

80 3.18 318 
78 311 311 6 
80 3.18 3 I8 

3 18 75-80 299 3a299 

20-25 * 118 62 70 75-80295~299 31) 

75-80 2*,16 299318 

24 79 314 3 14 
79 314 3 I4 17 
79 3.14 3.14 

4.35 
3.63 + 
3.18 
4.16 - 4.63 
3.61 2.99- - 3.96 3. I8  

4.00 
4.49+ 
4.31 + 
4. I3 
3.65 - 4.46 
4.43 
4.13 
3.97 + 
2.99 
2.99 
4.40 + 
4.57 + 
4.00 + 
4.65 
4.05 
1.31 
I .  19 
1 . 1 1  
.63 + 

6.63 
6.63 
6.63 
6.45 
6.45 
6.44 
5.84 
5.84 
5.75 
3.98 
3.65 
3.65 

.24 .48 14 I 
20 

20-25 

4 
I 

15 .71 .62 6 
.68 135 

.I2 -24 
16 32 

.I2 .24 

20 1.16 1.17 
15 .7I .62 6 .28 .24 

14-20- 94 5% 83 2-6 O9 20 OB 24 

15 .71 .62 6 .28 24 
I5 71 .62 6 .28 .24 

24 1.39 1.40 

76 3.03 3.03 3 
75-77299307299307 0- 4 

76 3.03 3.03 
76 3.03 3.03 3 
78 311 3.11 
75 2.99 299 
75 2.99 2.99 
74 2.95 2.95 
65 2.59 2.59 
65 2.59 2.59 
64 2.55 2.55 
55 2.19 2.19 
24 .96 96 

15 
I4 
3 

.5 .5 
25 
25 

I 
I 
1 

I 
.f 

25 1.44 1.45 
34 1.96 1.98 

36 2.06 2 . 0  
32 1.51 1.33 2 .09 .08 

41 1.93 1.70 4 .I9 .I6 
7 .33 .29 1.5 .07 .06 67.5 

85 
86 

3 3  IO .34 .07 

.60 1.19 
5 6  1.11 
.I2 .24 80 3.18 I 70 

100 4.07 6.63 
100 4.07 6.63 
100 4.07 6.63 

97.25 3.96 6.45 
97.25 3.96 6.45 

97 3.95 6.44 
70 2.05 4.65 
70  2.85 4.65 

66.5 2.71 4.42 
60 2.44 3.98 

55 55 2.24 2.24 3.65 3.65 

NGO C.5 CAPTAN 
pp SCENTINEL T 
pw PENNODORANT IO13 

2.75 
2.75 

3 

NGO 
PP 
PW 

PP 
PW 
NGO 
PP 
f W  

NGO 

cscJ$p-rrn 2 % % ' I E - * L * O L ,  1 

PENNODORANT 1073 
CAPTAN 21 
SCENTINEL T-70 
PENi'ODORANT 1005 ) 
CS CAPTAN 60 
SCENTINEL T-55 I 
PENNODORANT 1063 I 

SCENTINEL T- 97  I 
30 1.19 1.19 
30 1.19 1.19 

33.5 1.33 1.33 
40 
45 
45 

NGO NATURAL GAS ODORlZlNG CO PPM ACTUAL PER POUND OF ODORANT/ MMCF 
pw PENNWALT CORP 
pp PHILLIPS PETROLEUM CO (SCENTINEL) (3 NON ODORANT-DILUTANTS HEXANE, METHANOL, ISOPARAFFINS 

6, PPM EQUIVALENT TO TB M ODOR CONTRlBLmON PER POUND OF ODORANT/ MMCF 
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